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- [57) | ABSTRACT

A process for reducing powdered iron oxides obtained
from rolling scales formed in the hot-rolling of steel
includes heating the oxides in a reducing atmosphere at
600" C. to 650° C. to convert the particles to a porous
form which allows the rediicing gas to penetrate to the

center of the particles and completing the reduction to
iron at 900° C. to 1100° C.
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PROCESS FOR THE REDUC'I‘ ION OF IRON
OXIDE

DESCRIPTION

~ The present invention-relates to @ process fer rediic-
ing iron oxide,. partlcularly in-“the produetlon of iron
powders usable .in powder nietallurgy; the process is
- particularly suitable for use-in converting rolling scales

formed during the hot-rolling of irori-and steel 1nt0 such |

iron powders.

‘Considerable quantities of rellmg scales, Wthh con-
sist essentially of iron oxides, are produced during hot-
rolling, which is one of the steps involved in the semi-
machining of steel to form manufacturedarticles. Vari-
ous processes have already been proposed for reducing
these rolling scales to form iron.powderfs;-these: pro-
cesses including first crushlng the scales to form a pow-
der and then heating the crushed material in the pres-
ence of a reducing agent. This latter agent may be in the
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solid state, for example carbon coke or anthracite which

‘1s intimately mixed with the oxide powder, but pro-
cesses of this type have a serious disadvantage in that
they produce an impure material, if only because an
excess of the reducing agent is used to facilitate the
reduction.

Processes have also been proposed for using a gase-
ous reducing agent, such as hydrogen or carbon monox-
ide. These should ensure the absence of carbonaceous
residues 1n the final product but processes of this type
have not, until now, achieved satisfactory practical
results, nor found any specific use in industry, because
of the difficulties encountered in achieving complete
reduction of the iron oxides throughout the whole mass
of the treated material.

In an attempt to resolve the disadvantages of both the
above types of process it has also been proposed to use
reducing agents in the gaseous state and in the solid
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state simultaneously, the solid state agent possibly con-

sisting of carbon coke (see U.S. Pat. No. 2,759,808) or a
powdered carbon-iron alloy, particularly white cast
iron (see French Pat. No. 951,561).

This combination of reducing agents is not, however,
very convenient and the present applicants have carried
out further tests on the use of gaseous reducing agents
alone. Experiments carried out in the laboratory have
shown that it is possible to obtain an iron powder con-
taining a residual oxygen content of less than 0.3% by
weight by heating powdered iron-oxide in an oven in a
reducing atmosphere at temperatures greater than 950°
C. However this result was achieved with sophisticated
operating conditions which are not attainable in indus-
try. In.general, it was found that, when the oxide was
heated quickly to high temperatures, of the order of
900° C. to 1100° C., the surface layers of the particles
were reduced immediately, forming metallic shells
which were impermeable to gas and prevented the sub-
sequent reductlon of the oxides at the heart of the parti-
cles.

The object of the present invention is to provide a
process for reducing iron oxides with a gaseous reduc-
ing agent on a commercial scale which results in the
production of high quality iron.

According to the present invention there is provided

a process for the reduction of particulate iron oxide in.

which the oxide is heated in a reducing atmosphere, at
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“tration by:the reducing gas, and the temperature is then

increaséd for a further time mterval to complete the
reductlon of"the iron -oxide to iron.

Theprocess -of the 1nvent10n thus makes use of two
reductlon stages: - B

" a first stage-in- whlch the iron oxide is heated at a
lower temperature; preferably between 600° C. and
650° C. for one hour, to convert the particles to a po-
rous form and prevent the formation of a compact,
outer shell of ‘metal, 'so that'the reduelng gas can subse-
quently‘ penetrate rlght to the hearts of the particles; and

a second stage, in which the porous particles are
substantlally completely reduced preferably at a tem-
perature of between 900° C. and 1100° C. for one hour.

Rolling: scales for the hot-rolling of steel may conve-
nlently be used ‘as ‘the starting material for the above
process, after erushlng to form partleles preferably
having a grain size not greater than 750 microns. Non-
ferrous impurities would preferably be separated mag-
netically before the reduction process.

During the reduction process some agglomeration of
the particles normally takes place and, after cooling in a
reducing atmosphere, the reduced material would again
be crushed if it 1s to be used in powder metallurgy.

One embodiment of the invention will now be more
particularly described, by way of example.

Rolling scales formed during the hot-rolling of iron
or steel are used as a starting material for the process of
the invention. These scales consist essentially of iron
oxide, partly in the powder state and partly in the form
of agglomerates of various sizes, the nature of the oxide
or oxides present depending on the temperature of for-
mation of the scales themselves: in some cases the iron
oxide is mainly magnetite (FezQ4), while in other cases
it is mainly ferric oxide (Fe;O3) or ferrous oxide (FeO).
When the rolling scales are formed in the hot-rolling of
rods, that is steel bars of circular section, they are in the

- form of small curved plates having a radius of curvature

corresponding to the radius of the rod itself.

The rolling scales are first crushed in known appara-
tus to form a powder having a grain size of less than 750
microns: there is no particular difficulty in carrying out
this operation as the scales are very friable.

The iron oxide powders are then separated magneti-
cally from non-ferrous impurities (for example from
abrasives which are usually mixed with the rolling
scales) and the resulting purified oxide powder is con-
veyed to an oven for reduction in a reducing atmo-
sphere.

A tunnel-type oven is used for heating the oxide. The
reducing gas may, for example, comprise carbon mon-

~ oxide, dissociated ammonia or hydrogen. The thickness
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a temperature and for a time sufficient to convert the

particles to a porous form which allows thorough pene-

of the layer of material which is passed through the
tunnel-oven depends on the quantity of reducing gas
used.

The oxide is heated in the reducing atmosphere in
two stages: in the first stage the material is maintained
for about one hour at a temperature of the order of 600°
to 650° C. and in the second stage it is maintained for
about one hour at a temperature of between 900° C. and
1100° C.

In the first, stage, substantially every particle of the
powder is converted into a porous state which allows
the reducing gas to penetrate right to the heart of the
particle. The second stage then completes the reduction
of the oxide throughout the whole mass of the particles.
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Subsequently the material is cooled, still in a reducing
atmosphere, so as to avoid the reformation of iron ox-
ide. The cooled material is then re-crushed and pulver-
ised to a grain size suitable for its subsequent, intended
use and, finally, any remaining non-ferrous impurities
are removed by a further magnetic-separation treatment

to leave an iron powder, usable in powder metallurgy,

as the end product.

What is claimed is:

1. A process for the reduction of partlculate iron
oxide, wherein said iron oxide is heated continuously in
an atmosphere of reducing gas as the sole reducing
agent at a temperature between 600° C. and 650° C. for
about one hour to convert the particles of said iron
oxide to a porous form which allows tharough penetra-
tion by said reducing gas and than at a temperature
between 900° C. and 1100° C. for about one hour to
complete the reduction of said iron oxide to iron.
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2. A process as claimed in claim 1, wherein said re-

ducing gas is selected from carbon monoxide, dlssom-

ated ammonia and hydrogen
3. A process as in claim 1, wherein said iroh oxide
particles have a grain size of less than 750 mictons.

4. A process as in claim 1, and further mcludlng the
production of said particulate iron oxide by means of
crushing iron-oxide scales formed during the hot-m]lmg
of steel to a powder and magnetically separating said
particulate iron oxide from non-ferrous Impurltles in
sald powder.

3. A process as in claim 1, and further 1nclud1ng the
steps of cooling said iron obtained from the reduction
process in a reducing atmosphere, crushing the cooled
material to a powder and magnetically separatmg non-
ferrous 1mpur1t1es from the powder to obtain an iron

bowder usable in powder metallurgy.
x %X % * *

65



	Front Page
	Specification
	Claims

